INTRODUCTION
Perhaps at some time you have had occasion to swing a massive object at the end of a rope. Maybe you have watched a parent swing a child around by his outstretched arms or have been fortunate enough to watch an athlete throw the hammer. But all of you have heard or watched an automatic washer go through 1 a spin-dry cycle. How was this spinning drum with holes in its periphery able to speed up the "drying" process? The clothes were too large to pass through the holes in the drum and were "held" ina circular path but the water droplets were small enough to pass through the holes. We all know what happens when the stone is no longer restrained in the revolving slingshot. The water droplets fly through the holes in a straight-line path and are then disposed of.
In this module you will explore the nature of the forces responsible for this circular motion. You will also look into the motion of several bodies connected together such as a plow to a horse, a train to a locomotive, or a barge to a tugboat.
PREREQU IS ITES
Before you begin this module, you should be able to: *Identify forces acting on an object and draw a free-body diagram of the object (needed for Objectives 1 and 3 of this module)
*Determine acceleration for uniform circular motion (needed for Objecttve 2 of this module)
*Apply Newton's second and third laws to single-body problems (needed for Objectives 2, 4, 5 of this module) After you have mastered the content of this module you will be able to:
Location of Prerequisite Content
1. Centripetal force -For a particle undergoing circular motion, draw a free-body diagram and identify the interactions responsible for the centripetal force; these forces may be gravitational forces or contact force exerted by another body.
2. Uniform circular motion -Search out the necessary conditions concerning radius, speed, and forces to solve problems by applying Newton's second law to a particle undergoing circular motion.
3. Free-body diagram -For a system of two or three interacting bodies, (a) identify the forces of interaction; and (b) draw a free-body diagram (using a particle representation) for each body.
4. Newton's third law -Apply Newton's third law to determine actionreaction force pairs between the bodies of a two-or three-body system.
5. Two-or three-body motion -Use Newton's second law to solve problems relating the motion of several bodies comprising a system and the external and internal forces acting where (a) the acceleration is uniform; or (b) the motion is uniform circular.
Go over Examples 1 and 2 in Section 5-6 in relation to Objective 4 and Examples 5 and 6 in Section 5-11 in relation to Objective 5. Also read General Comment 3. Before solving Problems L through Q, study Problems D through I. You should not be misled into thinking that a centripetal force is different in nature from other forces. Centripetal forces may be pushes or pulls exerted by strings or rods. They may arise from gravity or friction, or they may be the resultant force arising from a combination of causes.
For a particle undergoing uniform circular motion, the centripetal force is merely the name given the resultant force on the particle. For nonuniform circular motion, the centripetal force is the component of the resultant force directed toward the center of the circular path.
In working uniform-circular-motion problems, you may wish to "freeze" the motion of the body (take a snapshot of it) at a given time and set up a rectangular coordinate system at the body with one axis pointing toward the center of motion. You may also wish to use what are called cylindrical coordinates. This is comparable to using polar coordinates in the xy plane and the z axis or (r,~.z). Hence you can place your origin at the center of motion and resolve the forces into their rand z components in order to apply Newton's second law in these directions:
You should notice that we are working in an inertial reference frame again (a frame in which Newton's first law holds). You must not be trapped into thinking that you can use the standard approach to problems (using Newton's laws) in a noninertial reference frame. Take, for an example, a very smooth glass block resting on a highly polished merry-go-round surface (there is still some friction). Assume you are on the merry-go-round as it begins there is friction and now relative motion between the surfaces the block will slide off. If the frictional force is great enough the block will rotate with the merry-go-round.
Therefore, this module will deal only with inertial coordinate systems.
Massless Ropes and Frictionless Pulleys
Most of the cords, ropes, and cables you will meet in problems in this module have masses so small they can be neglected. Such a "massless" cord, rope, or cable exerts the same magnitude of pull on each object to which it is attached at either end. Do you see why this is so? Consider the rope in the diagram at the right, connecting objects 1 and 2. Newton's third law guarantees that
where F lr is the force that object 1 exerts to the left on the rope, Frl is the force that the rope exerts to the right on object 1,
etc. Applying Newton's second law to the rope yields as claimed. When the rope passes over a pulley (which will also be "massless" in this module, as well as frictionless), it is only necessary to imagine that the rope is divided into very short segments where it wraps around the pulley. Since the frictionless pulley exerts no force on such a segment along its line of motion, Eq. (3) holds again for each of these segments. But then, with Newton's third law guaranteeing equality of the magnitude of the force from one segment to the next, this means that Eq. (3) must hold also over the whole length of the rope. Thus, for a "massless" rope we need talk dbout only one magnitude of force; this is usually called the "tension in the rope." N cos e -f sin e = mg. Since f = ~N, when the car is just about to slip sideways N sin e + ~N cos e = mv 2 /R, N cos e -~N sin e = mg.
STUDY GUIDE: Applications of Newton's Laws
Dividing these two equations, we get sin e + ~ cos e v 2 cos e -~ sin e = ~ = K.
Solving for ~:
K cos e -sin e At the bottom of the circle, the passenger's acceleration is directed upward. Therefore the net upward force on the rider is F = rna = (75 kg)(7.9 m/s2) = 592 N. When you move on from considering the motion of a single object to finding the motion of two or three objects, the chief new ingredient, you will find, is the solution of a set of two or three simultaneous equations. 
(Note that the above choice of axes has made a lx = a 2x = a 3x ; their common value has been denoted simply by ax in the above equations.)
We. now have a set of three equations involving the three unknowns ax' T a , and T b . Fundamentally, the approach to solving such a set is to combine them so as to obtain a (necessarily smaller) set in which at least one of the unknowns does not occur. When such a procedure is carried out repeatedly, we eventually end with just one equation that involves only one of the unknowns. With the equations above, one might start by "solving" the first for Ta: Often, one can find variations of the above solve-and-substitute procedure that are quicker. For example, simply adding all three of Eqs. (8) yields
which can be solved for ax' to obtain Eq. (12).
F(4). Block 1 of mass 1.00 kg rests on block 2 of mass 4.0 kg, which rests on a frictionless table. The coefficients of friction between the two blocks are ~s = ~k = 0.40. If block 2 is given a hard enough push, block 1 will slide off. We want to apply the largest possible force to block 2 such that block 1 will not slip. L.i fz. 
This normal force (N) is that action-reaction force between the blocks.
If block 1 is to stay stationary on block 2, they must have the same acceleration: a 1x = a 2x = a.
From Eqs. (15) .,
(b) Consider the rope and the pulley to be massless. Block 2 exerts a downward force T2 on the rope, and the rope exerts an upward force T (tension) on block 2. T2 = -r (by Newton's third law). Block 1 exerts a force Tl toward
the -x direction on the rope, and the rope exerts a force T' on the block. (25) and (26) will be the same except the signs of Tl and T2 will be changed; but when we add the equations T, and T2 will cancel leaving the same equation for a or Eq. (27).
1(5).
A mass m on a frictionless table through a hole in the table.
Find the condition (v and r) with which m must spin for M to stay at rest. Draw free-body diagrams for both objects.
is attached to a hanging mass M by a cord A tow-truck is pulling a car, by means of a long cable, across an icy bridge in the wintertime. Though proceeding very slowly, the truck slides off on one side; but fortunately for the driver, the car simultaneously slides off on the other side. The mass of t~e car, M c ' exactly equals that of the truck ~ driver, so that in a little while the system is hanging at rest, as shown. However, the driver tires of waiting to be rescued, and finally manages to climb out onto the bridge; this unbalances the system by his weight, Md9, and the car starts to descend. The bridge is so slippery that the friction between the cable and the bridge can be neglected. Name Tutor
A banked circular highway is designed for frictionless traffic moving at 80 km/hour. The radius of the curve is 300 m. To solve for T, we can go back to either Eq. 
APPLICATIONS OF NEWTON'S LAWS
The two bodies move at the same rate.
What would have resulted if we had assumed block 1 was moving down the plane? / ' C-3
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